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Abstract
Effect of zinc addition on the shear property evolution between Sn-0.7Cu solder alloy and their joints reflowed at 250
°C was investigated. The shear strength of Sn-0.7Cu/Cu joint was found to be higher than of Sn-0.7Cu solder alloy.
Although a small addition of zinc element strengthened Sn-0.7Cu solder alloy, it decreased the shear strength of Sn-
0.7Cu solder joints. Based on the fractography analysis and interfacial microstructure observation, it is proposed that
the deposition of Cu-Zn intermetallic toward the interface during reflowing is largely responsible for the shear
property evolution between the Sn-0.7Cu solder alloy and their joints.
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for
Automobile, Power and Energy Engineering
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1. Introduction
The development of suitable Pb-free solders has became an important issue in electronic packaging
since the toxicity of plumbum element in conventional Sn-37Pb solder presents a major health hazard [1].
Sn-0.7Cu eutectic alloy has been considered to be one of the most widely used lead-free solder for its
versatile properties, such as low cost and the outstanding thermomechanical fatigue resistance [1, 2].
However, an excessive thick Cu-Sn intermetallic compound (IMC) layer probably develops at the
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interface of Sn-0.7Cu solder joints during reflowing and aging, and thus deteriorates the mechanical
properties of solder joints because of the intrinsic brittleness of IMC layer [3-6].
Many efforts have been made to improve the properties of Sn-0.7Cu solder joints from the view point
of the microstructure modification on Sn-0.7Cu solder and the interfacial IMC layer. Up to now adding a
trace mount of elements has been proved to be an effective way. The microstructural stability of Sn-Cu
alloy was improved by a small amount addition of cobalt element [7]. It was revealed that the growth of
interfacial Cu-Sn intermetallic layer during wetting was suppressed by adding nickel element [8]. It was
interesting that the microstructure of Sn-Cu solder was refined by adding zinc element and the interfacial
IMC layer changed from Cu-Sn to Cu-Zn intermetallics [9]. It is therefore expected that the Sn-0.7Cu
solder alloy and their joints can possibly be improved by zinc addition. Our recent work also indicated
that the shear strength of Sn-0.7Cu solder alloys was enhanced by dispersion-strengthening after zinc
addition [10]. However, to the best of our knowledge, effect of zinc addition on the shear property of Sn-
0.7Cu solder joints has not been reported.
In order to understand the role of zinc addition on the shear property evolution of Sn-0.7Cu solder joint,
the shear strength of Sn-0.7Cu and Sn-0.7Cu-1.0Zn solder alloy and their joints under different shear
strain rates were investigated after the joints reflowed at 250 °C. The influencing mechanism of zinc
addition was analyzed based on the shearing fractography and microstructures of interfacial IMC layer.
2. Materials and methods
Two types of Pb-free solders, Sn-0.7Cu and Sn-0.7Cu-1.0Zn were used in this work. The as-cast
samples were prepared by melting at 500 °C in pure argon atmosphere for several hours and then cooled
to 100 °C. The ingots were remelted and cooled in air. Two pure copper coupons with a size of 3 mm ×
10 mm × 40 mm were used as the substrate. The surface of 3 mm × 40 mm was ground and polished and
then degreased with dilute hydrochloric and alcohol. The RMA flux was then dispersed on the copper
surface and Cu/solder/Cu sandwich were consisted by mounting the solder balls with about 50 mg
between these two copper coupons. The solder gap was measured as about 300 µm. The sandwich solder
joints were prepared by conventional reflowing with a peak temperature of 250 °C for 60 s. The ultimate
specimens for shear test with a size about 2 mm × 2 mm × 20 mm were cut from the sandwich solder
joints.
Shear test was performed at room temperature on SHIMADZU servo-hydraulic test system (1 kN Load
cell). The shear strain rates were set as 0.1/s, 1/s and 10/s and four samples were examined in each
condition. The fractography for the sheared samples were observed by scanning electron microscopy
(SEM JSM-5600).
To observe the effect of zinc addition on the microstructure of Sn-0.7Cu solder joint, the Sn-0.7Cu
solder joint were mounted by resin, polished, and etched. And the residual solder on the surface of some
joints were removed with 10 vol. % nitric acid and ultrasonic cleaning to expose the morphology of
interfacial IMC grains. The cross section and morphology of interfacial IMCs were examined by SEM. X-
ray diffraction (SHIMADZU XRD-6000) and energy dispersive X-ray spectroscopy (EDX) were also
employed to identify the interfacial IMCs.
3. Results and discussion
Shear strength of Sn-0.7Cu solder alloy and their joints under various strain rates as well as the shear
strength evolution after zinc addition are shown in Fig. 1. It can be seen that the shear strength of Sn-
0.7Cu solder alloy and the joints increases with increasing shear strain rate. It is also found that the shear
strength of Sn-0.7Cu solder joint is higher than that of Sn-0.7Cu alloy. For example, the maximum shear
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strength for Sn-0.7Cu solder alloy at 10/s was measured as 35 MPa while the value for Sn-0.7Cu solder
joint increased up to approximately 48 MPa. When a small amount of zinc has been added, the shear
strength of Sn-0.7Cu-1.0Zn solder alloy is also higher than that of Sn-0.7Cu alloy. In the case of Sn-
0.7Cu-1.0Zn solder joint, however, it is interesting that the shear strength has been decreased by zinc
addition compared with the Sn-0.7Cu-1.0Zn alloy. For instance, the value of maximum shear strength for
Sn-0.7Cu-1.0Zn solder joint was tested as 20 MPa which was nearly 8 MPa lower than of Sn-0.7Cu-
1.0Zn solder alloy.
Fig. 1 Shear strength of Sn-0.7Cu solder alloy and their joints under various strain rates and the shear strength evolution after zinc
addition.
To have a deep understanding on the shear behaviors of Sn-0.7Cu solder jonts under the influence of
zinc addition, the fractography of sheared samples has been observed by SEM. Fig. 2 shows the typical
appearance of the fractography for Sn-0.7Cu solder alloy and their joints. The fracture surface is
characterized by the existence of a dimple pattern over the whole fracture surface and no residual
interfacial IMC has been observed, as shown in Fig. 2a and b, which suggests that fully ductile fracture
has occurred in the Sn-riched substrate. And addition of zinc has no obvious effect on the fracture mode,
as shown in Fig. 2c. This result indicates that the microstructure evolution of tin substrate induced by
reflowing and zinc addition is possibly responsible for the changes of shear strength for Sn-0.7Cu solder
joint.
Fig. 2 Typical shearing fractography of Sn-0.7Cu solder and the joint shear under 10/s strain rate: (a) Sn-0.7Cu alloy, (b) Sn-
0.7Cu/Cu joint, (c) Sn-0.7Cu-1.0Zn/Cu joint.
Fig. 3 shows the morphology of interfacial IMC layers for Sn-0.7Cu/Cu and Sn-0.7Cu-1.0Zn/Cu
solder joint. A large number of scallop-type IMC grains were formed for Sn-0.7Cu/Cu sample, where the
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interfacial IMC was identified as Cu6Sn5 by EDX, as shown in Fig. 3a. In the case of Sn-0.7Cu-1.0Zn/Cu
solder joints, the interfacial IMC layer are also mainly composed of scallop type Cu6Sn5 grains. However,
it is interesting that many small Cu5Zn8 particles have deposited on the Cu6Sn5 grains, as shown in Fig. 3b.
The thickness of IMC layer measured from the cross sectional micrograph for Sn-0.7Cu/Cu joint is about
6 μm, which is closely to that of IMC layer for Sn-0.7Cu-1.0Zn/Cu joint.
Fig. 3 Morphology of IMC layer for Sn-0.7Cu solder joints: (a) Sn-0.7Cu/Cu, (b) Sn-0.7Cu-1.0Zn/Cu.
Fig.4. presents the XRD pattern of the IMC layer in Sn-0.7Cu solder joints. It can be seen from Fig. 4a that the
IMC layer in Sn-0.7Cu/Cu are composed by Cu6Sn5 grains, which is according with Fig. 3a and previous researches
[1, 3, 6]. After addition of zinc element, the IMC layer at Sn-0.7Cu-1.0Zn/Cu interface are identified as Cu6Sn5 and
Cu5Zn8, as shown in Fig. 3b and Fig. 4b. Previous researchers reported that the interfacial Cu6Sn5 IMC layer during
dipping could be replaced by a Cu-Zn compound in Sn-0.7Cu-1.0Zn/Cu [9, 11]. However, the amount of used Sn-
0.7Cu-1.0Zn solder in the present work is so small that the supply of zinc element is not enough to form a continuous
Cu-Zn layer during reflowing, and therefore only some Cu5Zn8 particles deposit on the surface of Cu6Sn5 grains, as
shown in Fig. 3 and 4. The result on microstructure and XRD plot for IMC layer suggests that zinc addition can
modify the microstructure of Sn-0.7Cu solder joints.
Fig. 4 XRD patterns of IMC layer for Sn-0.7Cu solder joint: (a) Sn-0.7Cu/Cu, (b) Sn-0.7Cu-1.0Zn/Cu.
During reflow process, the interaction between the liquid tin  and solid copper leads to the dissolution
of copper into the liquid as well as the formation of IMC at the liquid-solid interface [1, 12]. It is well
known that the content of copper can directly strengthen the solder substrate by forming Cu6Sn5 particles
during cooling, for example, the mechanical properties of solder can be improved by adding copper
element [13]. In the current work, it is believed that the higher shear strength for Sn-0.7Cu/Cu compared
with Sn-0.7Cu alloy is mainly attributed to the strengthening effect of dissolved copper induced by
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reflowing. In the case of a small amount addition of zinc, it has been recognized that Cu-Zn phase has
formed and dispersed at the β-Sn phase and the eutectic region, which has increased the shear strength of
Sn-0.7Cu-1.0Zn solder alloy [10]. After reflowed for 60 s, however, the Cu-Zn phase in the solder
substrate is likely to deposit toward the interface for Sn-0.7Cu-1.0Zn/Cu sample, as shown in Fig. 3b, and
then the strengthening effect of zinc has been decreased. As a result, the shear strength of Sn-0.7Cu-
1.0Zn/Cu sample is found to be lower than that of Sn-0.7Cu-1.0Zn alloy.
4. Conclusions
Role of zinc addition on the shear property evolution between Sn-0.7Cu solder alloy and their joints
prepared at 250 °C by reflowing has been investigated under different strain rates. The shear strength of
Sn-0.7Cu/Cu joint is higher than that of Sn-0.7Cu alloy. Although addition of a small amount of zinc
element strengthened Sn-0.7Cu solder alloy, it decreased the shear strength of Sn-0.7Cu solder joints. The
fractography analysis suggested that the fully ductile fracture had occurred in the Sn-riched substrate.
Based on the fractography analysis and interfacial microstructure observation, it is proposed that the
deposition of Cu-Zn intermetallic toward the interface during reflowing is largely responsible for the
shear property evolution between the Sn-0.7Cu solder alloy and their joints.
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